A large number of anomalies were found and evaluated according to geology? area1 extent, and gravity relief. Depths to disturbing hypothetical bodies were computed to guide dnlling. Test drilling of 106 positive anomalies revealed that ten features overlie deposits of chromite and 89 occur over bodies of other dense materials. The other seven anomalies were not explained by materials found in drilling. Core drilling on five of the chromite deposits revealed about 236,000 tons of chromite. An additional estimated 12,ooo tons are contained in three deposits which were not blocked out. No estimate was made of the tonnage in two small deposits.
INTRODUCTION
Gravity surveys were made in connection with an exploration program conducted by the U. S. Geological Survey in the Camaguey chromite district, Cuba, to locate deposits of refractory-grade chromite. Detailed gravimeter measurements were made in nine areas (Fig. I) covering about 11.8 square miles, where previous geologic studies (Flint and others, 1948) indicated conditions favorable for the occurrence of large deposits of chromite.
The feasibility of using the gravity method in prospecting for these deposits was tested in surveys conducted by the Gulf Research and Development Company (Hammer, r945a; r945b) in development work done in the district by the Bethlehem Steel Company in 1942. The results of these surveys showed that gravity anomalies of +o.g gravity unit or more in magnitude were associated with the deposits, but only a comparatively small number of the anomalies were caused by bodies of chromite; most of the anomalies were caused by masses of other dense materials and by changes in soil thickness. It was concluded that in The areas investigated are in the chromite district of Camaguey Province, near the towns of Altagracia, Cromo, and Minas (Fig. I) . They lie along the edges of a broad open plain or Savannah that surrounds most of the farming land in the district. The surface of the country is relatively flat except for a few scattered hills, mine dumps, and excavations. Sparse brush, bunch grass and scattered stubby palms cover the Savannah. More luxuriant vegetation, consisting mainly of large patches of marabu, royal palms and other trees, grows along the edges of the farming land.
GEOLOGY AND CHROMITE DEPOSITS
The chromite deposits are in serpentinized peridotite and dunite near their contact with feldspathic rocks and/or rocks of volcanic origin. The serpentinized rocks underlie the Savannah and contain feldspathic rocks, mainly gabbro, troctolite, and anorthosite, as well as the chromite. Many of the feldspathic masses are not well exposed but can be delineated by small outcrops, float, and a characteristic flora. Almost everywhere the peridotite and dunite are covered by a thin layer of lateritic soil.
Most of the deposits in the district lie in a zone about half a mile wide that runs along the serpentinized rock-feldspathic and/or volcanic rock contact. The deposits are irregular lenticular and tabular masses ranging in size from small pods to masses several hundred feet in length containing 200, 000 tons or more. Most of the chromite deposits are oriented so that the long axis parallels the strike of the nearest contact between feldspathic or volcanic rocks and the serpentinized peridotite. The chromite in the deposits varies from a massive coarsegrained ore containing minor amounts of silicate impurities to fine-grained chromite disseminated in the peridotitic host rock.
FIELD OPERATIONS AND COMPUTATIONS
Application of the gravity method in prospecting for chromite deposits in the Camaguey chromite district depends fundamentally upon the density contrast between the chromite and the surrounding country rock. The difference in density between the chromite contained in commercial deposits of the district and the country rock, which is serpentinized peridotite and dunite, is about 1.5 grams per cubic centimeter. This density contrast is sufficient for chromite masses lying at commercially exploitable depths to cause positive gravity anomalies of magnitudes more than 0.5 gravity unit (0.05 milligal). The feldspathic rocks in the serpentinized peridotite and dunite have an average density of about 2.7 grams per cubic centimeter, which provides a sufficient density contrast with respect to the serpentinized rocks to cause anomalies of much the same size and magnitude as the chromite. Similar anomalies also are created by density contrasts between parts of the serpentinized masses which vary in density from 2.2 to 2.8 grams per cubic centimeter. Therefore, gravimeter measurements can be expected to delineate areas underlain by dense materials, but the areas must be test drilled to determine if the materials are chromite.
As more than two-thirds of the ore mined in the district came from deposits 45 to 60 meters long, containing 90,000 tons or more, the exploration was planned to search for deposits of this size. The station density of a 20x40 meter grid was considered to be of sufficient detail to detect most of the anomalies associated with these deposits. However, it would be necessary to check anomalous measurements and map the gravity features more in detail before undertaking exploratory drilling. As the gravity work progressed, a 30x60 meter grid was found to be satisfactory for reconnaissance purposes and was used to obtain greater area1 coverage.
The grid pattern was laid out by means of a transit and tape survey, which provided accurate control for locating claim corners and drill holes. Stations were staked at intervals of 23 Gravity base stations were established as the work progressed using the standard looping method. The gravity value of each base was determined from an average of five measurements differing by no more than 0.3 gravity unit. The gravity differences between grid stations were determined by making single observations at individual stations and observing a base station at intervals of one hour. During the initial run of stations from a base in the morning and after lunch, a repeat observation was made at the base station within 45 minutes. As an additional check on the drift of the meter, and the accuracy of the meter operator' s reading, a repeat reading was made of at least one station of each previous run from the base.
One gravimeter was used regularly in making reconnaissance measurements and the other was used in detailing anomalies and making re-runs of misclosures. The meter crews consisted of an operator, a recorder, and one assistant. The meters were transported between stations by hand and, during readings, were shaded by umbrellas that also served as wind shields. For ease and rapidity in making measurements, two tripods eleven inches in height were used with each instrument. While one tripod was in use at a station in making an observation, the other was set at the advance station by the recorder. Approximately 0.28 square mile was mapped with the gravimeter during the first two months, mainly to establish control. After this preliminary period, the mapping progressed at an average rate of about 0.55 square mile per month until November 15, 1955 After adjusting the gravimeter readings for drift, standard methods were used in reducing the data to obtain Bouguer and residual gravity values. A correction of 5.54 gravity units per kilometer was applied to compensate for the change in gravity with latitude. A combined elevation correction of 0.62 gravity unit per foot, based on an experimentally determined rock density of 2.5 grams per cubic centimeter, was used in reducing the measurements to a common datum. Terrain corrections were not applied to the data because of the flat topography. Residual gravity values were determined by means of the nine-point second-derivative method (Henderson and Zietz, rg4g), using 80-and 12o-meter squares for the 20x40 and 30x60 meter grids, respectively. In some of the anomalous areas, the residuals were smoothed graphically.
The Bouguer gravity values were plotted in profile form immediately after reduction to locate errors caused by erroneous elevations and meter readings at individual stations. The profiles also were used for control in removing regional effects graphically in parts of the mapped areas and in studying and interpreting the gravity ~ULWES,_ most of which were not completely isolated by the ninepoint residual method. Bouguer and residual gravity maps were prepared on a geologic base to determine the relationship of the gravity features with known geologic conditions. These maps were used in connection with the profiles to evaluate and select anomalies for detailed mapping and test drilling.
The positive gravity anomalies were classified for investigation according to their relationship to outcrops of feldspathic rocks. Most of the anomalies were grouped in three classes in decreasing order of favorability: (I) anomalies apparently not related to feldspathic rocks; (2) anomalies overlying serpentinized rocks but in line with or along the strike of feldspathic outcrops, indicating possible subsurface continuations of the feldspathic bodies; and (3) anomalies occurring partly over feldspathic outcrops and partly over to 90,000 tons, and (3) less than 50,000 tons; (B) anomalies of magnitudes of about 0.5 gravity unit that were not depicted prominently by the nine-pain, -Uy + +4dual reduction, and were indicative of a -_.. deep chromite bodies or disseminated chromite deposits, or possibly caused by differential weathering in the country rock or changes in soil thickness; and (C) anomalies of small area1 extent and of magnitudes less than 0.5 gravity unit that could be caused by small deposits of chromite or by density contrasts in near-surface materials, dump materials around mines, or could be the result of the manner in which the residual reduction was made.
Residual gravity maps contoured on intervals of 0.2 gravity unit were prepared of the individual detailed anomalies to determine the locations of test holes. Depths to the top and center of hypothetical disturbing bodies that would cause similar anomalies were computed in terms of chromite and feldspathic rock to guide drilling. Cores were taken in test drilling when dense materials were cut and at the respective computed center depths and/or near the bottom of the holes. Specific gravities of the cored samples were determined to ascertain the source of the anomalies. The chromite bodies found were core drilled to determine the tonnage and to obtain samples of the chromite.
RESULTS
A large number of anomalies with a gravity relief of 0.5 gravity unit or more were found scattered widely over the mapped areas. The significant Bouguer gravity features consisted of prominent closures, noses, and re-entrants occurring along the major contact between serpentinized rocks and feldspathic or volcanic rocks; an increse in the gravity gradient along parts of the contact; a marked difference in the uniformity of gravity contours between parts of the respective areas; broad general gravity highs and lows; and several minor closures and flexures. The major features seem to be associated mainly with masses of feldspathic rocks along the contact and in the serpentinized country rock. Positive residual anomalies flanked by gravity lows are associated with large outcrops of feldspathic rock. The significant anomalies overlie serpentinized rocks near large feldspathic bodies and in parts of the areas where only small masses of dense rock were observed. Many small anomalies occur in dump areas around mine workings. No anomalies of consequence were observed over feldspathic outcrops less Downloaded 09/27/13 to 165.123.34.86. Redistribution subject to SEG license or copyright; see Terms of Use at http://library.seg.org/ than IO feet across or over small exposed bodies of disseminated chromite.
Test holes ranging in depth from 27 to 375 feet were drilled on the crests of 106 gravity anomalies. The results of drilling revealed that ten anomalies overlie deposits of chromite, 47 occur over feldspathic rock, 40 are associated with dense parts of the serpentinized rocks, two overlie deposits of magnesite-talc-quartz rock, and seven occur over serpentinized rocks which do not seem to be suchciently dense to cause variations in gravity. Drilling on five of the chromite deposits revealed about 236,000 tons of chromite, of which 19,000 tons are of the disseminated type. An additional estimated 6,000 tons of shipping grade chromite and 6,000 tons of disseminated chromite are contained in three of the deposits that were not blocked out. No estimate was made of the tonnage in two small chromite deposits.
The tested gravity anomalies do not have characteristic features identifying the materials with which they are associated. Although most of the anomalies caused by chromite are comparatively small and are fairly prominent and regular, many of the anomalies caused by other heavy materials are similar.
Bouguer and residual gravity maps depicting an anomaly over a 24,ooo-ton chromite deposit discovered by the investigation are shown in Figures 3 and 4 . Prior to the investigation, a small amount of chromite was exposed inconspicuously in a shallow prospect pit near drill hole A. Additional trenching, after completion of drill holes A and B, determined the surface extent as shown in the figures. The chromite body extends to a depth of 197 feet, dips steeply to the southwest, and is probably terminated by a fault between drill holes B and E. The anomaly overlies the main part of the deposit and indicates possible extensions to the west and southwest. The southwest extension was investigated by one test hole that failed to cut chromite in drilling to a depth of 300 feet.
The gravity anomaly associated with the largest chromite deposit found is shown on the Bouguer and residual gravity maps in Figures 5 and 6 . The deposit lies very close to an outcrop of troctolite near the northwest end of a large abandoned mine. The chromite body contains approximately 115,000 tons, dips steeply toward the southwest, and comes within ten feet of the surface (Fig. 7) . Most of the ore lies below 75 feet and the bottom is between 225 and 250 feet deep. The anomaly is prominent and regular in shape, involves 12 stations, and has a gravity relief of 1.6 gravity units. The position of the anomaly with respect to the outcrop indicated that the feature could be caused by a continuation of the troctolite at depth. However, in view of the absence of an anomaly over the outcrop, it was suggested that this anomaly might be caused by a faulted extension of the mined body to the south.
The largest anomaly found associated with chromite ( Fig. 8) embraces 46 stations and has two gravity maxima of 1.4 and 1.5 gravity units respectively. The anomaly overlies an irregular, discontinuous, tabular deposit containing about 72,000 tons of chromite. Near the central gravity maximum, the ore comes within 40 feet of the surface and extends to a depth of 140 feet (Fig. 9) . Near the One of the largest anomalies which was drilled is shown in Figure 14 . This anomaly embraces more than 140 stations and has a gravity relief of 3.6 gravity units. A hole drilled at the center of the anomaly disclosed rock composed predominantly of a mixture of the minerals magnesite, talc, and quartz, lying between depths of 5 and IOO feet. A sample core taken at a depth 72 feet had a specific gravity of 2.87. The outcrops of ferruginous silica shown may represent the highly weathered surface exposure of this body. 
DISCUSSION
The gravity data indicate that under favorable terrain conditions detailed gravimeter surveys, of the precision usually required in searching for mineral deposits, can be carried out successfully using standard field techniques. The accuracy necessary in making measurements can be attained by exercising normal 
